For a spinning projectile, the initial stability condition is 2 = 1+ (4 K 3 / K 2 2 ) > 0. In the present study, this condition has been modified for the malalignments arising due to pressure gradient and damping moment for an FSAPDS projectile. The equations of motion are established for the first phase of motion. A mathematical model for the first phase of motion has been developed. The effect of perturbation on the trajectory and stability of motion are discussed. It is proved that if 3 K (a parameter appearing due to perturbation) (-K 2 2 2 /4 ), the initial stability of motion will breakdown.
(C M qt +C Mq ) Pitch damping moment coefficient (C Nq +C N ) Pitch damping force coefficient.
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. INTRODUCTION
Dynamical study of a fin-stabilised armour piercing discarding sabot (FSAPDS) round is very important till the sabots are separated and the thin penetrator moves ahead. The sabots are separated from the projectile under the action of aerodynamic forces.Yang 1 has discussed the complete dynamic modelling of a sabot discard process of an FSAPDS round. With three turning points, he has divided the sabot discard process in four phases and two transition periods (Fig. 1) . The motions points are defined as 0 At the muzzle end.
1 The first turning point is at the instant when the fixed circle of sabots reaches the limit stress state and its groove teeth break due to the aerodynamic force.
2 The second turning point is at the instant when circle groove teeth of a sabot component separate from those of projectile body and their mechanical interaction vanishes.
3 The third turning point is at the instant when the intersect point between the projectile and the shock wave at the head of a sabot moves to the projectile base and the projectile gets free from the influence of sabot.
The turning points are defined for each sabot, separately. The first turning point for the three Phase IV : Motion after point 3 onwards.
First transition period is motion during the second turning point of the first sabot component to second turning point of the third sabot component. Second transition period is motion during the third turning point of the first sabot component to third turning point of the third sabot component motion condition at the end of the previous phase is the initial condition for the next phase, but the initial conditions for different sabots are distinct.
In this paper, the trajectory and stability of motion during phase I of the motion has been discussed. Propellant gases released from the muzzleend develop a flow field around the projectile. At the muzzle, it commences with the formation of a strong blast and a jet which continues till the gun tube becomes empty. The flow field around the projectile continues till ambient conditions are reached. The projectile moves forward in this flow field. The propellant gases expand supersonically, due to which the pressure drops rapidly. Due to asymmetric flow of gases, the pressure is misaligned. The pressure acts at a point on the projectile having position vector ( p r ), from the centre of gravity of the body. Though damping force is small and can be ignored, damping moment may affect the stability of the projectile. These two aspects of the FSAPDS projectile have been considered. In the first part, the trajectory of the projectile is modelled and simulated. In the second part, the stability criterion of motion has been discussed.
The motion has been studied with the help of three coordinate systems defined in Fig. 2 . 
. COORDINATE SYSTEMS

Transformation Matrices
Transformation from the Inertial Coordinate System to Velocity System 
Transformation from the Projectile Coordinate System to Velocity System
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. FORCES AND MOMENTS FOR THE MOTION
Forces
Propellant Gas Force: The forces developed by the propellant gases will be acting on the projectile for some time till the effective force becomes zero. This force acts along the gas flow direction which may be different from the barrel direction as well as from the projectile direction.
where g iˆ is a unit vector along the gas direction.
Modelling of Pressure
The pressure affecting the projectile motion varies continuously. The pressure at the muzzleend is muzzle pressure, which further decreases as the projectile moves in the propellant gas flow field till it reduces to atmospheric pressure. Generally, the pressure reduces to atmospheric pressure at a distance of 10-15 calibers.
It is assumed that the decrease in the pressure is continuous and linear. The pressure at any point at a distance X away from the muzzle is given by P = P 0 ( 1-X/l), where P 0 is the muzzle pressure.
This change in the pressure P is calculated and plotted in Fig. 3 .
Aerodynamic Force
Here the aerodynamic forces due to drag, lift, magnus and pitch damping forces are considered and are given below 2 :
By the transformation The magnus force coefficient C Np is usually a small negative quantity. It always acts in a direction perpendicular to the plane of yaw. Pitch damping force acts in the plane of transverse angular velocity, which is not necessarily the same as the yaw plane. The pitch damping force contains two parts, first part proportional to transverse angular velocity (pitching velocity) and the second part proportional to the rate of change of total angle of attack.
In the separation process, the mechanical force and shock wave force also act on the sabots. These forces are present in 2 nd and 3 rd phases. Hence in the first phase of motion, these forces and moments are ignored.
Moments
Propellant Gas Moment
Due to malalignment, the pressure is acting at a point on the projectile having position vector 
Malalinment (Off Set) Gravity Moment g r is the position vector of off set from the centre of gravity of the body. .
In this phase of motion, g r is along the axis of the body, hence 3 M = 0.
. EQUATIONS OF MOTION
The equations of motion by Newton's second law, because of moving frame, are given as
. TRAJECTORY SIMULATION
In the first phase of motion, the trajectory of the projectile as a whole body can be obtained by resolving the equation in velocity coordinate system. The pressure applies force on the base of the projectile which affects its trajectory. The moment equations are resolved in projectile coordinate system. The scalar equations are: 
Simulation Results
Equations (14) - (21) give the mathematical model for trajectory of the projectile in phase I. The trajectory for phase I over the time period 0.00 s to 0.001 s has been simulated for the following data with fixed step size, h = 0.0001. (Fig. 4 ) .
Data
The altitude remains the same
The projectile drifts slightly towards left (3.1 cm) ( The trajectory remains unchanged due to the pressure
The drift slightly decreases due to damping moment but range is unaltered
There is no change in 1 , 1 and 2 due to pressure and damping moment but 2 cntinuously decreases due to damping moment (Fig. 6 ).
. STABILITY OF MOTION
The FSAPDS projectile is generally stabilised by spin in the first phase, as fins are not active. The stability can be discussed with the six DOF equations expressed in the projectile frame. The design of the projectile is stable. In the first phase, the pressure gradient and its malalignment may disturb the stability of the projectile. The modified stability criterion due to perturbations caused by pressure gradient and damping moment has been analysed.
The vector equations in projectile frame with these perturbations are: 
. NONDIMENSIONALISATION
The motion can be studied in the cross plane of the body 3 for its stability. Let the nondimensional velocities in complex form can be defined as 
where u l / 1 1 and denotes differentiation wrt x .
From the above equations of ballistic equation, a second-order differential equation in can be derived by eliminating to study the motion in the cross plane. The equation is of the form
Here, 1,2,3,4) = ( i i K refers to damping, spin, positional and magnus parameters, respectively. .
These parameters are functions of the density of air, aerodynamic coefficients, spin, frame velocity and nondimensional gravity groups for linear force systems. 
B
To study the effect of pressure, its malalignment and damping moment on the stability of the projectile, the parameters are expressed as
where i K s represent the terms due to aerodynamic, drag, lift, and gravity and i K consists of the terms arising due to perturbation (due to pressure effect and damping moment) To study the effect due to perturbation, let Liapunov's approach be followed. which is similar to Eqn (31).
Following the same steps, the modify stability parameter is defined as 
